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(57) ABSTRACT

A hydrostatic drive, as a whole system, includes two fluidic
displacement units (1, 3), which can be adjusted at least 1n
respect of the volumetric flow. One unit 1s coupled to an
iput (9). The other unit 1s coupled to an output (11). The
units can be connected to each other in the manner of a
closed fluidic circuit, to which a storage circuit (23) 1is
connected. The storage circuit has at least one storage device
(33), 1s divided into a low-pressure side (27) and a high-
pressure side (25), and has a valve control (17) for control-
ling the whole system.
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1
HYDROSTATIC DRIVE

FIELD OF THE INVENTION

The invention relates to a hydrostatic drive as an overall
system, comprising two fluidic displacement units, which
can be adjusted at least in respect of the volumetric flow.
One fluidic displacement unit 1s coupled to a power unit. The
other flmidic displacement unit 1s coupled to an output drive.
The two fluidic displacement units can be connected to each
other 1n the manner of a closed fluidic circuit.

BACKGROUND OF THE INVENTION

Drives of this kind (DE 10 2009 058 005 Al) are known

per se¢ and are commonly used as traction drives 1 com-
mercial vehicles. In an application of this kind, commonly

one of the displacement units 1s driven directly by a com-
bustion engine, and the other displacement unit at the output
drive side 1s coupled with the respective drivetrain.

SUMMARY OF TH.

INVENTION

(L]

Based upon the above-described prior art, an object of the
invention to provide an improved hydrostatic drive that 1s
characterized by a particularly cost-eflective and energy-
cilicient operating performance.

This object basically 1s met 1n a hydrostatic drive of the
kind described at the outset in that an accumulator circuit 1s
provided to which a fluidic circuit 1s attached that connects
the displacement units. The accumulator circuit 1s provided
with at least one accumulator unit. The accumulator circuit
1s subdivided into a low-pressure and a high-pressure side.
A valve control device or valve control 1s provided to control
the overall system. With a system design of this kind, over
and above the pure drive function and brake energy recov-
ery, but further special functions such as overspeed protec-
tion during brake energy recovery in overrun mode or
hydraulic boosting of the drive performance can be realized.

Advantageously, when the fluidic circuit 1s closed, both
displacement units are connected to each other on their
respective mput and output side each with a load line. The
valve control device 1s disposed essentially between the two
load lines.

In this mstance the valve control device may be provided
with two first valve devices which, in their open position,
connect the two displacement units via the respective load
line, and which in their shut-ofl position disconnect at least
the high-pressure side from the low-pressure side of the
overall system. The displacement unit of the output drive
side 1s assigned to the low-pressure side, and the displace-
ment unit of the power unit side 1s assigned to the high-
pressure side of the overall system.

In particularly advantageous exemplary embodiments, a
second valve device each, with non-return function, 1s
placed 1n the circuit between the two load lines and the
low-pressure side accumulator circuit. As a result of the
non-return function of this valve device, the pressure
medium, which 1s at minimum pressure, 1s able to spread
through the overall system, and thus, ensures a close to
constant low pressure level 1n the overall system, even with
the traction drive 1n operation.

In a particularly advantageous manner, a further third
valve device with proportional function can be placed
between the two load lines and the high-pressure side
accumulator circuit. This arrangement provides the possi-
bility of a proportional adjustment of the desired working
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pressure 1n the respective load line, and serves as non-return
valve to charge the accumulator device when not 1n opera-
tion and for Start-Stop operation.

In particularly advantageous exemplary embodiments, a
permanent fluid supply 1s connected to the low-pressure
accumulator circuit between the second valve devices and
the output drive side displacement unit. A constant pressure
supply of this kind ensures that the low-pressure side 1s
retained at the system-specific charging pressure level. The
overall system 1s also filled via this supply line. Any volume

losses that may occur are also replenished, for example, 1f
due to pressure spikes fluid 1s released via a pressure relief
valve and flows back to the tank or 1f losses occur due to
leakage.

A particularly advantageous arrangement may be that the
permanent fluid volume supply 1s connected to a feed line at
its 1inlet that vents into a tank at the outlet side. The feed line
1s permanently connected to the low-pressure accumulator
circuit via a connection point. A non-return valve 1s disposed
into the feed line between the connection point and the inlet.
A pressure relief valve 1s disposed 1n that feed line between
the connection point and the outlet.

Moreover, 1n an advantageous manner two further, fourth
valve devices with proportional pressure relief function may
be disposed between the two load lines, 1n the line section
between the two first valve devices as well as the two third
valve devices, extending parallel to the third valve devices.

Between the pairs of third and fourth valve devices with
their associated connecting lines, a further connecting line
may advantageously be placed, into which a further non-
return valve 1s inserted.

In a particularly advantageous manner, the accumulator
device of the accumulator circuit may essentially be a
double-piston accumulator. The double-piston of the accu-
mulator 1s guided longitudinally moveable 1n an accumula-
tor housing and separates a first working chamber applied
with a charging pressure from a second working chamber on
the high-pressure side, as well as from a third working
chamber on the low-pressure side and a fourth working
chamber at atmospheric pressure, from each other. When
used for traction drives of mobile units, which usually
provide a limited amount of installation space for the
hydraulic system, the design according to the invention with
a double-pi1ston accumulator, which performs the function of
two hydraulic accumulators, then ensures a particularly
compact design of the system, which 1s a particularly
significant advantage. Moreover, this arrangement results 1n
a low-pressure side with additional compensation accumus-
lator.

The respective displacement umit may advantageously be

a four-quadrant system with adjustable pivoting angle,
which may be operated as a hydraulic motor as well as a
hydraulic pump.

Another object of the mvention i1s also to provide an
improved valve control device as a subsystem, 1n particular
for an overall system 1n form of a hydrostatic drive.

Other objects, advantages and salient features of the
present mvention will become apparent from the following
detailed description, which, taken 1n conjunction with the
drawings, discloses a preferred embodiment of the present
invention.
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BRIEF DESCRIPTION OF THE DRAWINGS

Referring to the drawings that form a part of this disclo-
sure:

FIG. 1 1s a system diagram of the overall system of a
hydrostatic drive according to an exemplary embodiment of
the invention, designed as a traction drive;

FIG. 2 1s a symbolic diagram of the circuit of the
exemplary embodiment, wherein for the operating state
“Charge Accumulator”, when at standstill, high-pressure
fluid paths are shown 1n full lines, low-pressure fluid paths
are shown 1n broken lines and the flow direction 1s indicated
by arrows;

FIG. 3 1s a symbolic diagram that corresponds to that of
FIG. 2, wherein the operating state “Charge Accumulator™ 1s
shown 1n drive mode;

FIG. 4 1s a symbolic diagram of the exemplary embodi-
ment that depicts the operating state “Brake Energy Recov-
ery/Overspeed Protection™;

FIG. 5 1s a symbolic diagram of the exemplary embodi-
ment that depicts the operating state “Start Combustion
Engine”; and

FIG. 6 1s a symbolic diagram of the exemplary embodi-
ment that depicts the operating state “Boost”.

DETAILED DESCRIPTION OF TH.
INVENTION

(L]

The diagram in FIG. 1 depicts on the power unit side a
power displacement unit 1 and on the output drive side an
output displacement unit 3. Each displacement unit 1 and 3
comprises a pump motor unit 5 and 7, respectively, i form
a ol a four-quadrant system with adjustable pivoting angle.
On the power displacement unit 1 on the power unit side, the
pump motor unit 5 1s coupled via a drive shaft 9 with a
combustion engine or an electric motor (not shown). At the
displacement unit 3 on the output drive side, the pump motor
unit 7 1s coupled via an output shait 11 to the drive train
(gearbox) of a vehicle (not shown). One connection of the
displacement units 1 and 3 1s connected to a first load line
13. The other connection of each of the displacement units
1. 3 1s connected to a second load line 15. A valve control
device or valve control 17 1s assigned to the load lines 13 and
15. The two connections of the pump motor units 5 and 7 of
the displacement units 1 and 3 are each connected to one of
the iput ports of a shuttle valve 19. The output port of each
shuttle valve 19 1s connected via a pressure relief valve 21
to tank T. Thus, the connections of the pump motor units 3
and 7, which carry the higher pressure level, and with them
the connected load lines 13 and 15, are protected via the
respective pressure relief valve 21 towards the tank against
system overpressure.

An accumulator circuit 23 with a high-pressure side 25
and a low-pressure side 27 1s assigned to the valve control
device 17. The high-pressure side 25 i1s connected to the
valve control device 17 at a connection point 29. The
low-pressure side 27 1s connected to the valve control device
17 at a connection point 31. The accumulator device of the
accumulator circuit 23 1s a hydro-pneumatic double-piston
accumulator 33. Its double-piston 35 1s guided longitudi-
nally moveably 1n accumulator housing 37 and separates in
accumulator housing 37 a first working chamber 39 that
contains a process gas, in particular N,, under charging
pressure, from a second working chamber 41 connected to
the low-pressure side 27 of the accumulator circuit 23, from
a third working chamber 43 connected to the low-pressure
side 27 of the accumulator circuit 23, and from a fourth
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4

working chamber 435 at atmospheric pressure. A pneumati-
cally charged hydraulic accumulator 47, which 1s connected
additionally on the low-pressure side 27, serves as volume
compensator in the instance of unsteady events or due to
temperature fluctuations. Moreover, a permanent fluid vol-
ume supply (graphically shown by arrow 49a) 1s connected
at a feed-1in point 49. The permanent fluid volume supply 1s
connected via a feed-1n line 51 and via a non-return valve 53
to the connection point 31, and then to the low-pressure side
277 of the accumulator circuit 23. The feed-in line 51 leads
from the connection point 31 via a pressure relief valve 55
to tank T. This constant pressure supply ensures that the
low-pressure side 27 1s maintained at the system-specific
charging pressure level and that the overall system 1s filled
via the feed-in line 51 1f volume losses need to be replen-
1shed, for example, 11 in the mstance of pressure spikes fluid
flows via the pressure relief valve 21 and/or 55 to tank T.

The valve control device 17 provides 1n the load lines 13,
15 a pair of first valve devices, each of which 1s a 2/2-way
valve 57 and 38, respectively, each with a non-return func-
tion. In their open position valves 57, 58 connect the two
pump motor units 5 and 7 together. In the closed position
valves 57, 58 uncouple the respective high-pressure side of
the overall system from the low-pressure side. Depending on
the orientation of the non-return function, the displacement
umt 1 1s assigned to the high-pressure side, and the dis-
placement unit 3 1s assigned to the low-pressure side of the
overall system. Disposed between the load lines 13 and 15
and the low-pressure side 27 of the accumulator circuit 23 1s
a pair ol second valve devices or valves, each of which also
1s a 2/2-way valve 59 and 60, respectively, each with a
non-return function. Moreover, disposed between the load
lines 13 and 15 and the connection point 29 with the
high-pressure side 235 of the accumulator circuit 23 1s a pair
of third valve devices or valves with proportional and
shut-off function, each of which 1s a 2/2-way valve 61 and
62, respectively.

Disposed 1n the line section of the load lines 13, 15
between the directional valves 57 and 58, respectively, and
the directional valves 61 or 62 respectively, connected in
parallel to the valves 61, 62, a pair of further, fourth valve
devices or valves, which comprise pressure relief valves 63
and 64, respectively, each with proportional pressure relief
function. Disposed between the connection point 29 of the
high-pressure side 25 of the accumulator circuit 23 and the
connecting line 67 between the pressure reducing valves 63
and 64 1s a further non-return valve 69. The overall system
1s completed by a pressure relief valve 71, located 1n the
connecting line 73 that extends between the connecting
pomnts 29 and 31, that is, the connecting points of the
accumulator 23.

The following FIGS. 2 to 6 depict the flmd paths for a
number of different operating states yet to be described. The
fluid paths 1n connection with the high-pressure side 25 of
the accumulator circuit 23 are shown in full lines. The fluid
paths in connection with the low-pressure side are shown 1n
broken lines. The flow direction 1s indicated by arrows.

The FIG. 2 depicts the operating state when charging the
double-piston accumulator 33 where the traction drive 1s at
standstill. The prerequisite for charging is a running com-
bustion engine, as well as free accumulator volume. If the
traction drive 1s at standstill, the pump motor units 5 and 7
are 1n neutral position to start with, without displacement,
hence no hydraulic fluid flows via these units. To provide a
volume tlow for the charging process, the pump motor unit
5 1s pivoted, and the proportional directional valve 62 1is
switched with maximum detlection, including valve 58. For
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the feeding process the pivoted pump motor unit 5 demands
volume from the first load line 13, which flows from the
third working chamber 43 on the low-pressure side of the
double-piston accumulator 33 via the connection point 31
and flows via the non-activated directional valve 59 with
open non-return function, as well as the opened directional
valve 57, to the pump motor unit 5. The transported volume
flows via the fully opened directional valve 62 to the
working chamber 41 on the high-pressure side of the double-
piston accumulator 33. In this instance, the pressure relief
valve 64 1s set to at least the charging pressure in the second
load line 15 to avoid a volume flow through 1t. If the
maximum accumulator pressure 1s exceeded, the pressure
relief valve 71 1s activated and leads the charging volume
flow away to the low-pressure side 27. From there it tlows
via the non-return function of the non-activated directional
valve 59 to the first load line 13 and then equalises the
volume balance.

The FIG. 3 depicts the operating state when charging the
double-piston accumulator 33 in drive mode. Again, the
prerequisite for charging 1s a running combustion engine as
well as free accumulator volume. In drive mode both dis-
placement units 1 and 3 and the pump motor units 3 and 7
are pivoted and pressure medium circulates between the
displacement units 1 and 3. To generate the necessary
volume flow for the charging process, the pump motor unit
5 of the displacement unit 1 1s pivoted further so that more
volume can be fed into the second load line 15 than can be
absorbed by the second displacement unit 3. This increases
the pressure in the load line 15. As soon as the switch
pressure set on the pressure relief valve 64 1s reached,
volume tlows via the downstream non-return valve 69 to the
high-pressure side working chamber 41 of the double-piston
accumulator 33 and charges 1t. The volume displaced in the
double-piston accumulator 33 on the low-pressure side
working chamber 43 flows via the non-return function of the
non-activated directional valve 59 to the first load line 13
where 1t combines with the volume that circulates 1n drive
mode. As soon as the maximum accumulator pressure 1s
exceeded, the pressure relief valve 71 switches and dis-
charges a charging volume flow to the low-pressure side 27,
from where 1t flows via the non-return valve function of the
directional valve 59 to the first load line 13 and then
equalises the volume balance.

The FIG. 4 depicts the operating state “Brake Energy
Recovery/Overspeed Protection”. The prerequisite for the
recovery and accumulation of brake energy 1s an available
accumulator volume in the double-piston accumulator 33
and a vehicle 1n motion (kinetic energy). The reason why the
combustion engine must be protected from overload/over-
speed 1s usually a force that acts on the vehicle, for example,
potential energy on a decline. In the mnstance of a traction
drive in motion with the pressure medium in circulation,
shown 1n the diagram of FIG. 4 anti-clockwise or counter-
clockwise, the intention 1s to retard or maintain the driving
speed and the engine speed. In drive mode both displace-
ment units 1 and 3 are 1n operation, wherein the pump motor
units 5 and 7 are fully or partially pivoted.

To regenerate brake energy or to provide overload/over-
speed protection for the combustion engine, the pump motor
unit 5 of the displacement unit 1 1s pivoted back so as to
reduce the torque that acts on the shaft 9 to such an extent
that the load acting on the combustion engine 1s no longer
able to cause any overspeed. As a result the pressure 1n the
first load line 13 rises since the second displacement unit 3
delivers more than the displacement unit 1 can accept. This
rising pressure now generates a braking moment in the
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6

displacement unit 3, which slows down the vehicle. This
slowing may also be referred to as brake energy. In this
instance the pressure relief valve 63 1s actuated when the set
switching pressure i1s reached, limiting the pressure in the
load line 13. The volume discharged via the pressure relief
valve 63 flows wvia the non-return valve 69 to the high-
pressure side 25 of the double-piston accumulator 33 and
charges 1t. The volume displaced 1n the double-piston accu-
mulator 33 flows from the low-pressure side 27 via the
directional valve 60 to the load line 15. If the maximum
accumulator pressure 1s exceeded, the pressure relief valve
71 1s activated and discharges the charging volume tlow
towards the low-pressure side 27. To equalise the volume
balance, volume 1s discharged from the low-pressure side 27
via the non-return valve function of the non-activated direc-
tional valve 60 to the load line 15. Moreover, the volume
displaced from the double-piston accumulator 33 of the
low-pressure side 27 flows via the directional valve 60 to the
load line 15. The entire volume that comes together 1n the
load line 15 now tlows to the suction side of the pump motor
unit 7 of the displacement unit 3, thereby ensuring that the
volume balance of the system remains constant.

The FIG. 5 depicts the operating state “Brake Energy
Recovery/Overspeed Protection”. The prerequisite for the
hydraulic starting of the combustion engine is the presence
of accumulated energy in the double-piston accumulator 33.
In this mstance the combustion engine as well as the entire
traction drive are shut down, and the pump motor units 5 and
7 of the displacement units 1, 3 are mitially 1n neutral
position. On imtiating the starting sequence, the pump motor
umt 5 of the displacement unmit 1 1s fully pivoted. The
directional valves 61 and 60 are then activated, wherein the
directional valve 57 may also be activated so as to avoid
pressure spikes on the second displacement unit 3. The
pressure medium now flows from the high-pressure side
working chamber 41 of the double-piston accumulator 33
via the directional valve 61 to the load line 13 and turther to
the first displacement umt 1. The pressure relief valve 63
should be set to at least the accumulator pressure 1n the load
line 13 to avoid a volume tlowing through it. In the dis-
placement unit 1, hydraulic energy 1s converted into
mechanical energy and generates a starting torque on the
shaft 9. The volume flowing via the displacement unit 1
flows towards the load line 15 and via the directional valve
58 and the directional valve 60 to the low-pressure side 27
of the double-piston accumulator 33, where 1t replaces the
volume previously displaced to the high-pressure side 25.

The FIG. 6 depicts the operating state “Boost”. The
prerequisite for hydraulically boosting the drive 1s accumu-
lated hydraulic energy in the hydraulic accumulator. In this
instance the traction drive 1s in motion, and the pressure
medium between the displacement units 1 and 3 circulates in
anticlockwise or counter-clockwise direction. A sudden load
spike on the drive, for example, due to a steep incline, causes
a boosting of the drive, while the pump motor units 5 and 7
of both displacement units 1 and 3 are fully or partially
pivoted. To facilitate the boosting process, the directional
valve 57 1s activated first, and then the directional valves 61
and 59 are activated. The advanced activation of directional
valve 57 ensures that the pressure medium can only flow 1n
the mtended direction via directional valve 57 despite the
pressure drop. The directional valve 63 should be set to at
least the working pressure present in the load line 13 to
avoid a volume flow through 1t. As a result of activating the
directional valves 61 and 59, the pressure medium now
flows from the high-pressure side 25 of the double-piston
accumulator 33 via the directional valve 61 to the load line
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13 and further to the displacement unit 1. This flow raises the
pressure level at the suction side of the pump motor unit 5
of the displacement unit 1. To provide the required pressure
on the pressure side of the displacement unit 1 (in load line
15), only a small amount of mechanical power 1s therefore
required from the combustion engine, which relieves the
load on the combustion engine. The pressure medium tlows
from the displacement unit 1 via the load line 13 through the
directional valve 38 to the second displacement unit 3,
where the hydraulic energy 1s converted into mechanical
energy and transmitted to the drive train. In this instance 1t
1s necessary that the pressure relief valve 64 1s set to the
maximum pressure in the load line 15 to avoid a volume
flow through 1t. The pressure medium tlows from the first
displacement unit 1 via the load line 15 via the displacement
unit 7 through the directional valve 59 and on to the
low-pressure side 27 of the double-piston accumulator 33,
where the volume previously displaced from the high-
pressure side 25 1s replaced.

The mvention permits setting the desired working pres-
sure 1 the load line 13 proportionally. To this end the
proportionally operating directional valve 61 1s set to the
desired pressure and opens up to a corresponding opening
cross-section. The volume balance of the system remains the
same 1n all described processes. Volume 1s simply shifted
from one side of the double-piston accumulator 33 via the
accumulator circuit 23 and the displacement units 1, 3 to the
other side of accumulator 33, through which energy 1is
emitted or absorbed and accumulated. A closed traction
drive system 1s realised 1n this manner. A volume flow passes
mainly through the non-return valve 53, acting as shut-ofl
valve, during the filling process of the system and caps the
constant volume supply from the feed-in point 49 as soon as
the low-pressure side 27 of the double-piston accumulator
33 as well as the two load lines 13 and 15 are at the set
mimmum system pressure. However, no additional volume
1s required in the instance of a later “reallocation” of the
double-piston accumulator 33 volume. Thus, the pressure
reliel valve 55 remains shut. It serves simply to provide
pressure protection to the low-pressure side 27 and can be
omitted for the remaining consideration of the function. The
same applies for the pressure relief valve 71, which limaits
the maximum pressure of the high-pressure side 25 of the
double-piston accumulator 33.

Load spikes on the combustion engine can not only be
generated by the traction drive, but also by the functions of
a hydraulic power circuit, the hydraulic pump of which 1is
usually driven by the drive shait 9 of the displacement unit
1. Nevertheless, even these load spikes that act on the
combustion engine can be absorbed through the described
boost process. The pair of directional valves 61 and 62 1s
preferably implemented 1n the associated valve block as two
units that are functionally separated. For each unit a 2/2-way
valve, double-sealed, may be provided for connecting the
high-pressure side 25 to the load line 13 and to the displace-
ment unit 1 during starting of the combustion engine. A
proportional pressure relief valve may be provided to be able
to set the pressure of the load lines 13, 15. Moreover, instead
of the proportional valve 62, a shut-ofl valve for charging the
accumulator when at standstill may be used.

A combination of both functions proved to be rather
problematic since a large cross-section has to be opened up
(to achieve a low pressure drop) when starting the combus-
tion engine, and where for the pressure control function a
significantly smaller cross-section at high resolution (preci-
s1on control edge) 1s required. For different possible designs
of the displacement units 1 and 3 (such as constant, variable
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or mooring pumps) or for varying functions of the drive
(e.g., boosting 1n forward and reverse mode without moor-
ing pumps, or boosting 1n forward mode only) the functional
units of the directional valves 61 and 62 may be provided
with only one of the two required functions described. In the
instance of relatively large flow rates, providing all func-
tional units of the valve control device 17 as pilot-controlled
valves 1s desirable.

The overall system 1s symmetrically 1dentical 1n 1ts struc-
ture, and all described functions can also be performed in
reverse order. Concerning the defimition of the low-pressure
and high-pressure side, such definitions depend on the
respective operating state and can vary accordingly. The
above-described valve devices 37 and 38 may also be
viewed as non-return valves as far as their function 1s
concerned. The drive solution according to the invention
achieves a largely constant pressure level at the low-pressure
side due to the influence of the double-piston accumulator
and the additional compensation volume (capacity) of the
diaphragm accumulator in the low-pressure side. The con-
stant pressure level also serves as reference pressure for a
number of feedforward control circuits 1n the valve block. A
turther essential aspect of the invention is the proportionally
adjustable and system-size independent pressure control of
the suction-side load line 1in boost mode. Moreover, a
proportionally adjustable and system-size independent pres-
sure control of the load line 1n overrun mode (kinetic and/or
potential energy) 1s achieved.

While one embodiment has been chosen to illustrate the
invention, 1t will be understood by those skilled in the art
that various changes and modifications can be made therein

without departing from the scope of the invention as defined
in the claims.

The mvention claimed 1s:

1. A hydrostatic drive, comprising:

a first flmid displacement unit having an adjustable volu-
metric flow and being coupled to a power supply;

a second fluid displacement unit having an adjustable
volumetric flow and being coupled to an output drive,
said first displacement unit connected to said second
displacement unit 1n a closed loop circuit by a first and
second load lines connected to respective mput and
output sides of said first and second displacement units;

an accumulator disposed 1n an accumulator circuit that 1s
connected to said first and second displacement unaits,
said accumulator circuit being subdivided nto a low-
pressure side and a high-pressure side;

a valve system configured to control said first and second
displacement units and said accumulator circuit, said
valve system being connected to said first and second
load lines and including a first control valve positioned
in said first load line and a second control valve
positioned in said second load line, said first and second
control valves connecting said first and second dis-
placement units to one another 1n two flow directions 1n
their respective open positions thereol and connecting
said first and second displacement units to one another
in only one flow direction in their respective shut-oif
positions thereof;

a first valve with a non-return function being connected to
and positioned between said first load line and said
low-pressure side of said accumulator circuit; and

a second valve with a non-return function being con-
nected to and positioned between said second load line
and said low-pressure side of said accumulator circuit.
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2. A hydrostatic drive according to claim 1, wherein

said second displacement unit 1s connected to a low-
pressure side of the hydrostatic drive; and

said first displacement unit 1s connected to a high-pressure
side of the hydrostatic drive.

3. A hydrostatic drive according to claim 1, wherein

a first proportional valve and a second proportional valve
with proportional functions are connected to said first
and second load lines, respectively; and

saild high-pressure side of said accumulator circuit is
connected at a connection located between said {first
and second proportional valves.

4. A hydrostatic drive according to claim 1, wherein

a permanent fluid volume supply 1s connected to said
second displacement unit and i1s connected to said
low-pressure side of said accumulator circuit between
said first and second valves with non-return functions.

5. A hydrostatic drive according to claim 4, wherein

said permanent fluid supply 1s connected to a feed line at
an 1nlet of said permanent fluid supply and 1s connected
to a tank at an outlet of said permanent flud supply,
said feed line being permanently connected to said
low-pressure side of said accumulator circuit via a
connection point;

a non-return valve 1s disposed 1n said feed line between
said connection point and said inlet; and

a pressure relief valve 1s disposed 1n said feed line
between said connection point and said outlet.

6. A hydrostatic drive according to claim 1, wherein

said valve system further comprises:

a first proportional valve and a second proportional valve
with proportional functions are connected to said first
and second load lines respectively, said high pressure
side of said accumulator circuit being connected at a
connection located between said first and second pro-
portional valves;

a first proportional relief valve 1s connected to and posi-
tioned 1n a section of said first load line that 1s between
said first control valve and a connection point where
said first proportional valve connects to said first load
line; and

a second proportional relief valve 1s connected to and
positioned 1n a section of said second load line that 1s
between said second control valve and a connection
point where said second proportional valve connects to
said first load line, said first proportional relief valve
being connected fluidly 1n parallel relative to said first
proportional valve, said second proportional relief
valve being connected fluidly 1n parallel relative to the
second proportional valve.

7. A hydrostatic drive according to claim 6, wherein

said first and second proportional valves are located on a
third connecting line; said first

and second proportional relief valves are located on a
fourth connecting line; and

said third connecting line i1s connected to said fourth
connecting line by a valve line containing a non-return
valve.

8. A hydrostatic drive according to claim 1, wherein

said accumulator 1s a double piston accumulator having a
double piston guided for longitudinal movement in an
accumulator housing, having a first working chamber
applied with a charging pressure, having a second
working chamber on said high-pressure side of said
accumulator circuit, having a third working chamber on
said low-pressure side of said accumulator circuit, and
having a fourth working chamber that 1s at atmospheric
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pressure, each of said working chambers being sepa-
rated from one another by said double piston in the
accumulator housing.

9. A hydrostatic drive according to claim 1, wherein

cach of said first and second displacement units are
four-quadrant systems that are operable as both a
hydraulic motor and a hydraulic pump with an adjust-
able pivoting angle.

10. A valve device for a hydraulic drive, the valve device
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a pair of first valves, each first valve located 1n respective
first and second load lines, said first and second load
lines are connectable to a fluid power displacement unit
and a fluid outlet displacement unit, said pair of first
valves being configured to selectively open and close
their respective load lines;

a pair ol second valves with non-return functions;

a pair of third valves with proportional functions;

a pair ol fourth valves with proportional pressure relietf
functions;

said second wvalves, said third valves, and said fourth
valves being connected to and positioned between said
first and second load lines by connecting lines; and

an accumulator being disposed 1n an accumulator circuit,
said accumulator circuit being subdivided nto a low-
pressure side and a high-pressure side, said pairs of
first, second, third, and fourth valves being connected
to said accumulator circuit; and

one of said pair of second valves 1s connected to and
positioned between said first load line and said low-
pressure side of the accumulator circuit, the other one
of the said pair of second valves being connected to and
positioned between said second load line and said
low-pressure side of the accumulator circuit.

11. A valve device according to claim 10, wherein

a permanent fluid supply 1s connected to said connecting,
lines at a first connection point; and

a pressure reliet valve 1s disposed in said accumulator
circuit between the first connection point and a second
connection point disposed in said connecting lines
between said pair of third valves.

12. A hydrostatic drive, comprising;:

a fluild power displacement unit having an adjustable
volumetric flow and being coupled to a power supply;

a fluid output displacement unit having an adjustable
volumetric flow and being coupled to an output drive,
said power and output displacement units being con-
nected to one another 1n a closed loop circuit by first
and second load lines connected to respective input and
output sides of said power and output displacement
units;

an accumulator disposed 1n an accumulator circuit that 1s
connected to said power and output displacement unaits,
said accumulator circuit being subdivided into a low-
pressure side and a high-pressure side;

a valve system being coupled to and controlling said
power and output displacement units and said accumus-
lator circuit, said valve system being connected to said
first and second load lines and including first and
second directional valves 1n said first and second load
lines, respectively;

first and second non-return valves connected to one
another and also connected to and disposed between
said first and second load lines;

first and second proportional valves connected to one
another, said first and second proportional valves being
connected to and disposed between said first and sec-
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ond load lines, being 1n parallel to said first and second
non-return valves, and being connected to said high-
pressure side of said accumulator circuit at a connec-
tion between said first and second proportional valves;
and

first and second proportional reliel valves being con-
nected to one another, said first and second proportional
relief valves being connected to said first and second
load lines at locations between said first and second
directional valves and said first and second proportional
valves, and being flmdly 1n parallel to said first and
second proportional valves.

13. A hydrostatic drive according to claim 12, wherein

a permanent flmd volume supply 1s connected to said
output displacement unmit and 1s connected to said low
pressure side of said accumulator circuit between said
first and second non-return valves.

14. A hydrostatic drive according to claim 13, wherein

said permanent fluid supply 1s connected to a feed line at
an 1nlet of said permanent fluid supply and 1s connected
to a tank at an outlet of said permanent flud supply,
said feed line being permanently connected to said
low-pressure side of said accumulator circuit via a
connection point;

a non-return valve 1s disposed 1n said feed line between
said connection point and said inlet; and

a pressure relief valve 1s disposed 1n said feed line
between said connection point and said outlet.

15. A hydrostatic drive according to claim 12, wherein

said first and second proportional valves are located on a
first connecting line; and

said first and second proportional relief valves are located
on a second connecting line, said first connecting line
being connected to the second connecting line by a
valve line containing a non-return valve.

16. A hydrostatic drive according to claim 12, wherein

said accumulator 1s a double piston accumulator having a
double piston guided for longitudinal movement in an
accumulator housing, having a first working chamber
applied with a charging pressure, having a second
working chamber on said high-pressure side of said
accumulator circuit, having a third working chamber on
said low-pressure side of said accumulator circuit, and
having a fourth working chamber that 1s at atmospheric
pressure, each of said working chambers separated
from one another by said double piston in the accumu-
lator housing.

17. A hydrostatic drive according to claim 12, wherein

cach of said power and output displacement umits are
four-quadrant systems that are operable as both a
hydraulic motor and a hydraulic pump with an adjust-
able pivoting angle.

18. A hydrostatic drive comprising:

a first flmd displacement unit having an adjustable volu-
metric flow and being coupled to a power supply;

a second fluid displacement unit having an adjustable
volumetric flow and being coupled to an output drive,
said first displacement unit being connected to said
second displacement umt i a closed loop circuit by
first and second load lines connected to respective mput
and output sides of said first and second displacement
units;

an accumulator disposed 1n an accumulator circuit being
connected to said first and second displacement units,
said accumulator circuit being subdivided into a low-
pressure side and a high-pressure side;
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a valve system configured to control said first and second
displacement units and said accumulator circuit, said
valve system being connected to said first and second
load lines;

a first valve with a non-return function being connected to
and positioned between said first load line and said
low-pressure side of said accumulator circuit;

a second valve with a non-return function being con-
nected to and positioned between said second load line
and said low-pressure side of said accumulator circuit;

a permanent fluid volume supply being connected to said
second displacement unit and being connected to said
low-pressure side of said accumulator circuit between
said first and second valves with non-return functions,
said permanent fluid supply being connected to a feed
line at an 1nlet of said permanent fluid supply and being
connected to a tank at an outlet of said permanent tluid
supply, said feed line being permanently connected to
said low-pressure side of said accumulator circuit via a
connection point;

a non-return valve beng disposed i1n said feed line
between said connection point and said inlet; and

a pressure relief valve being disposed in said feed line
between said connection point and said outlet.

19. A hydrostatic drive according to claim 18, wherein

said second displacement unit 1s connected to a low-
pressure side of the hydrostatic drive; and

said first displacement unit 1s connected to a high-pressure
side of the hydrostatic drive.

20. A hydrostatic drive according to claim 18, wherein

a {irst proportional valve and a second proportional valve
with proportional functions are connected to said first
and second load lines respectively; and

said high-pressure side of said accumulator circuit 1s
connected at a connection located between said {first
and second proportional valves.

21. A hydrostatic drive according to claim 18, wherein

said valve system comprises:

a first control valve positioned 1n said first load line and
a second control valve positioned 1n the second load
line, said first and second control valves connecting
said first and second displacement units to one another
in two tlow directions 1n their respective open positions
thereol and connecting said first and second displace-
ment units to one another 1n only one flow direction 1n
their respective shut-oil positions thereof;

a {irst proportional valve and a second proportional valve
with proportional functions being connected to said
first and second load lines, respectively, said high-
pressure side of said accumulator circuit being con-
nected at a connection located between said first and
second proportional valves;

a first proportional relief valve being connected to and
positioned in a section of said first load line that is
between said first control valve and a connection point
where said {irst proportional valve connects to said first
load line; and

a second proportional relief valve being connected to and
positioned 1n a section of said second load line that 1s
between said second control valve and a connection
point where said second proportional valve connects to
said first load line, the first proportional relief valve
being connected fluidly 1n parallel relative to said first
proportional valve, said second proportional relief
valve being connected fluidly 1n parallel relative to the
second proportional valve.
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22. A hydrostatic drive according to claim 21, wherein

said first and second proportional valves are located on a
third connecting line; and

said first and second proportional relief valves are located
on a fourth connecting line, said third connecting line
being connected to said fourth connecting line by a
valve line containing a non-return valve.

23. A hydrostatic drive according to claim 18, wherein

said accumulator 1s a double piston accumulator having a
double piston guided for longitudinal movement 1n an
accumulator housing, having a first working chamber
applied with a charging pressure, having a second
working chamber on said high-pressure side of said
accumulator circuit, having a third working chamber 1s
on said low-pressure side of said accumulator circuit
and having a fourth working chamber that 1s at atmo-
spheric pressure, each of said working chambers being
separated from one another by said double piston 1n the
accumulator housing.

24. A hydrostatic drive according to claim 18, wherein

cach of said first and second displacement units are
four-quadrant systems that are operable as both a
hydraulic motor and a hydraulic pump with an adjust-
able pivoting angle.

25. A hydrostatic drive comprising;:

a first fluid displacement unit having an adjustable volu-
metric flow and being coupled to a power supply;

a second fluid displacement unit having an adjustable

volumetric tlow and being coupled to an output drive,
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said first displacement unit being connected to said
second displacement umt 1 a closed loop circuit by
first and second load lines connected to respective mput
and output sides of said first and second displacement
units;

an accumulator disposed 1n an accumulator circuit being,
connected to said first and second displacement units,
said accumulator circuit being subdivided into a low-
pressure side and a high-pressure side;

a valve system configured to control said first and second
displacement units and said accumulator circuit, said
valve system being connected to said first and second
load lines;

a first valve with a non-return function being connected to
and positioned between said first load line and said
low-pressure side of said accumulator circuit;

a second valve with a non-return function being con-
nected to and positioned between said second load line
and said low-pressure side of said accumulator circuit;
and

a {irst proportional valve and a second proportional valve
with proportional functions being connected to said
first and second load lines, respectively, said high-
pressure side of said accumulator circuit being con-
nected at a connection located between said first and
second proportional valves.
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